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Abstract-Turbulent diffusion of matter from a point source within a two-dimensional boundary- 
layer flow over a smooth surface, with and without surface heating, has been studied. Concentrations 
downstream from a simulated point source located at the floor of a wind tunnel test section were 
measured using ammonia as the diffusing gas. 

The concentration profiles for the neutral and unstable conditions are found to be similar; that is, a 
universal function is obtained by describing X(X, y. z)ix,&x, 0,O) the relative concentration in each 
section as a function of the similarity lengths u(x) and q(x). The similarity lengths are defined as 
x(x, o, O)/xmhx(x, 0,O) = 0 5 and x(x, 0, v)/xmax(x, 0,O) = 0.5; they are found to be approximately 
independent of ambient velocity over the range of 6-25 ftjs and increase markedly in magnitude with 
increasing instability. 

A method for numerically integrating point source data to obtain line source plumes is given. The 
synthetic line source plumes so obtained are compared with actual line source data and with line 
source heat diffusion data. The data for heat and mass diffusion are very similar. 

An attempt is made to evaluate the ratio of heat and mass diffusivities by integrating the two- 
dimensional diffusion equation using the approximate similarity of the concentration and velocity 

distributions. An approximate value of 1.8 is found for this ratio. 

vertical mass diffusivity, in 
z-direction, La/T; z 
exponents; 
mean concentration level of 
the diffusing matter- 
synthetic line source, M/L3; 
specific heat at constant 
pressure, Btu/Mt ; 
acceleration due to gravity, 
LITa; 
dimensionless functions; 
standard deviation about the 
mean of the transverse pro- 
files, L; 
source strength for point 
source, synthetic line source 
and heat source respectively, 
M/T, M/LT, Btu/L*T; 

* Assistant Professor. t Professor. 
$ The symbols designating dimensions have the follow- 

ing meaning: M-mass, L-length, T-tune, t-tempera- 
ture, Btu-heat unit. 

li, fi’, 

a, 

x, Y, z, 

mean temperature at point 
(x, z) due to diffusion from a 
line source of heat, t ; 
components of mean velocity 
in the x and z-directions, L/T; 
mean ambient velocity in 
x-direction, L/T; 
a right-hand co-ordinate sys- 
tem with origin at the source, 
L; 
molecular diffusion coeffi- 
cient, LB/T ; 
boundary-layer thickness, L; 
thermal boundary-layer thick- 
ness, L; 
plate surface-ambient air 
temperature difference, t ; 
coefficient of heat diffusion, 
LV; 
vertical similarity length for 
the point-source diffusion 
plume, L; 
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4-9, 

v, 

$x1, 

x(x, Yt 2). 

vertical similarity length for 
the synthetic line source dif- 
fusion plume, L; 
kinematic viscosity, L%/T; 
mass density, M/L3; 
lateral similarity length for 
the point source diffusion 
plume, L; 
mean concentration level at 
the point (x, y, z) for diffusion 
from a ground-level point 
source, M/L3. 

INTRODUCTION 

BOUNDARY-LAYER flows over horizontal heated 
surfaces are a axon occurrence in industry 
and constitute the basic flow of the atmospheric 
surface layer much of the time. Heating of the 
boundary from below produces an instability 
through action of buoyancy forces which modi- 
fies the much studied neutral boundary-layer 
flow. This monition by interaction has been 
found to a.fIect the drag and heat-transfer co- 
efficients in a substantial manner. In an analysis 
of the laminar boundary layer over a heated 
plate, Sparrow and Minkowycz [1] have found 
an increase of the drag and heat-transfer co- 
efficients to occur. An experimental study of 
turbulent boundary layers at low Reynolds 
numbers over a heated plate by Cermak [2] 
yielded an increasing drag coefficient for increas- 
ing degrees of instability. Associated with the 
modification of turbulent flow structure pro- 
duced by thermal inability is an increase in 
diffusion rates for passive material released 
from sources located within the flow. This 
phenomenon is known to exist almost by 
instinct, from casual observation of smoke and 
other pollutants diffusing in the atmosphere and 
from detailed laboratory-type measurements of 
diffusion in the field made during Project Praiie 
Grass (Barad [3], Haugen [41). 

The purpose of the study reported in this 
paper was to compare diffusion rates and con- 
centration-field geometry for a ground-level 
point source of ammonia gas in neutral and 
unstable turbulent ~~~ layers by making 
use of controlled wind tunnel flow. This informa- 
tion is itself useful to the heat transfer and air 
pollution engineer in solving certain practical 

problems, but perhaps even more important, is 
the knowledge it yields about the gross change 
in flow structure which provides a sound basis 
for study of the detailed structural changes. The 
data obtained for mass diffusion in a neutral 
boundary layer are also used in a comparison 
with heat diffusion data reported by Wieghardt 
[S] in an effort to establish the ratio of turbulent 
diffusivities for heat and for mass. 

EQUIPMENT AND PROCEDURE 

The diffusion study was conducted in a re- 
circulating wind tunnel with a 6-ft square, 12-ft 
long test section. A schematic diagram of the 
test section is shown in Fig. 1. The components 
of the test section in Fig. 1 are labelled as 
folIows : 

A-turbulence stimulator, 
E-aerodynamically smooth, heated or 

neutral test boundary, over which the 
momentum and the thermal boundary- 
layers developed, 

C-the heating coils and thermal insulation, 
D-sampling probe with tubing leading to 

sampling system, 
E-point source of ammonia gas. 

The turbulence stimulator consisted of s 
#-in saw-tooth strip followed by 24 in of 
closely packed gravel. This stimulator was 
followed by a smooth strip of wood and the test 
boundary. 

The smooth, heated or neutral boundary was 
a 6 x 10 ft, &-in thick al~inium plate 
mounted flush with the floor of the wind tunnel. 
The plate was heated by groups of nichrome 
heating coils mounted directly below the plate; 
each group was connected to a rheostat by 
means of which the power input to each group 
could be adjusted to the &sired value to give a 
uniform surface temperature for different flow 
conditions. The entire: ,ynit was connected 
through a variable voltage powerstat. Thus, 
using this equipment, it was possible to heat the 
plate to temperatures of more than 200°F above 
that of the ambient air for air speeds of up to 
9 ftls. 

Before the start of experiments with a particu- 
lar flow condition, the uniform temperature on 
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FIG. 1. Test section geometry. 

the plate surface was ob~ined by adjusting the 
power input to the individual heater strips by 
trial and error. Once the rheostat settings were 
established for a particular flow condition, al- 
most the same settings were used on subsequent 
days with the temperature distribution being 
checked each day. 

The gas feed and sampling system used is 
schematically shown in Fig. 2. Anhydrous 
ammonia gas having a specific gravity of 0.6 
relative to air were used as the diffusing gas. The 
gas was fed into the tunnel at a constant rate 
through a stainless steel feed probe. The mixture 
of the diffusing gas and air was drawn through 
the sampling system by inducing negative 
pressures with a vacuum pump. The sampling 
rate and the feed rate was measured by Matheson 
Universal Flowmeters. 

The metered sample of air containing 
ammonia was passed through an abso~tiou 
tube containing 10 cc of dilute hydrochloric 
acid, which completely absorbed the ammonia 
from the sample. The mixture in the absorption 

HA%-N 

tube was subsequen~y neutralized by adding 
I-2 cc of a dilute solution of sodium hydroxide. 
The neutralized sample containing the ammonia 
in solution was then mixed with 1 cc of Nessler’s 
reagent, which gave a yellowish-brown colora- 
tion dependent on the concentration of ammonia 
present in the sample. The absolute quantity of 
ammonia was ascertained using an Evelyn 
Photo-electric Coforimeter which was previously 
calibrated by using a standardized solution 
containing 0.1 mg of ammonia in 1 cc of the 
solution. 

Once the fiow conditions were established 
vertical cross sections of the plume were mapped 
at x = I, 2, 3, 4, 6, and 7) ft from the source. 
The following prdcedure was used in mapping 
the plume cross section, see Fig. 3: 

(1) Lateral profiles of concentration measure- 
ment were made by traversing the samp- 
ling probe parallel to the y-axis for a fixed 
height z in. Sampling points were spaced 
between 0.25 to 1 in apart; about twenty 
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Ambient sampling probe 

3way stop-cock 

kotheson Umversal 

Flowmeter No 204 

Ammoma gas cylmder 
(99~99%pi,rel P 

/ 
Malheson Un~venol 
Flowmeter No 203 

~bsorpl.on tube 

FIG. 2. Feed and sampling system. 

FIG. 3. Definition sketch of plume geometry. 
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point measurements were made per lateral 
profile. 

(2) The lateral profiles were repeated for 
several heights z = 0, 1,2, . . . in. 

(3) The measured lateral profiles were super- 
posed as in Fig. 3 (B). 

(4) Isoconcentration contours were mapped 
by reading y-co-ordinates of points of 
equal concentration in Fig. 3 (B), and 
transposing to the plume cross section. 

Besides the mean concentration data, the mean 
velocity and mean temperature fields were 
mapped for several cross sections downstream 
of the gas source; also, the heat input into the 
boundary was measured for the heated boundary 
runs. The mean velocity distributions were 
measured using a constant-temperature hot- 
wire anemometer. The mean temperature distri- 
butions were measured by means of a copper- 
constantan thermocouple. Both the hot-wire and 
the thermocouple probes were mounted on a 
carriage with remotely controlled three-dimen- 

sional motion. The upward flux of heat from the 
boundary was estimated by measuring the 
power input to each individual group of 
Chrome heating coils with an ammeter and 
voltmeter. Since the heat loss from the heating 
coils to the surroundings is negligible, the power 
input per unit area to the plate was the upward 
flux of heat from the heated boundary. 

The data gathered was for the following 
combination of mean velocity Q, in ft/s and 
plate surface-ambient air temperature difference 
AT in degF: (6; 0), (9; 0), (6.5; 80), (6.5; 200) 
and (9; 115). In addition to the above data the 
boundary concentration downstream of the 
source was measured for (15 ; 0), (25 ; 0) and 
(57; 0). The experimental data is quite vohunin- 
ous and thus readers are referred to Malhotra 
[6] for the details of the experimental apparatus 
and a summary of all the data gathered during 
the course of this study. 

Discussion of accuracy of data 
There are two gross checks on the accuracy of 

; x measured from location of gas source 

OO 
I I I I I I I 1 
I 2 3 4 5 6 7 8 

x, 11 

- ._.. 
FIG. 4. Relative ground-level concentration as a function of the lateral distance for a point source 

with an unheated boundary. 

HM 7 D 
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the experimental data. One is to check the 
continuity of mass from cross section to cross 
section downwind of the gas source, i.e. 

m 

I I 
m 

y=-a2 z=o 
~2 x (x, y, z) dz dy all x = Qf = const. 

The other is to duplicate the experimental data 
two or more times for any given cross section. 
Both these checks were made and it was estimated 
that the data could be duplicated to within 10 
per cent at a concentration of 100 parts per 
million by weight (the data ranged between 50 
ppm and 7000 ppm). Fig. 4 is a typical plot of 
the variation of Qf with distance downstream 
of the source. As seen from this figure the mass 
of the diffusing gas is quite consistent as one 
moves downstream of the source. 

EXPERIMENTAL RESULTS 
Neutral boundary layer 

The diffusion plume for the short distances 
studied, was completely submerged in the 

boundary layer. The 
can be described by 
curve, Figs. 5-7 

x(x, Y, z> 
xmax(x, (-40) 

= exp 0.693 - 

concentration distribution 
a dimensionless universal 

[&I*- [&I”}? (l) 

where G(X) and T(X) are the lateral and vertical 
similarity lengths of the diffusing plume defined 
as 

x(x, 0, z) 
Xmax(X, 0,O) = Oe5, 

x(x, 027) 
Xmax(X, 0,O) = Oe5, 

with a and b being constants (a = 2.0, b = 1.4). 
It can be noted from (1) that within the range 

of experimental variables the dimensionless 
concentration distribution function is indepen- 
dent of &. Within this same range of variables 
Fig. 8 shows that the vertical and lateral growth 
of the plume, as characterized by the similarity 

I.2 

Symbol x(ft) D0 (ft/S) 

0 I 6 
A 2 6 

2 
3 

15 
15 

L -0 6 25 

: e- 7 ‘I2 25 

FIG. 5. Typical plot of integration of continuity equation for point source at various distances down- 
stream of source. 
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Frc?. 6. Relative ~~~i~ as a function of the late& distance for various elevations for a point 
source with an unheated boundary. 

Note : 

Refolrve isoconcentrat~on contours 

were drown through points of 

equal concentralion obtained from 

the mean curves of Figs. 4 & 5 

for unheated boundary and Figs. 

8 El 9 for heated boundary. 
The mean curves fit Eq. I. 

FIG. 7. Non~~ensional plume cross section for a point source with heated and unheated boundary, 
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lengths T(X) and G(X) are also independent of 
& (6-25 ft/s). Their approximate proportional- 
ity with x is 

+) = cons& xO*‘l, GM 
and 

P(X) = const. xO*~O. (2b) 

The corresponding values of Xmax (x, 0, 0) 
appears to be inversdy proportional to rS, as is 
shown in Fig. 8. The initial variation 
xmaX(x, 0, 0) can be approximated by 

r7, xm&, 0, 0) = const. x-r+. 

The consistency of the experimental 

f3) 

results 

and J. E. CERMAK 

may be checked by using (1) and (2) and the 
appropriate similarity equation of the mean 
velocity field : 

where, as determined from the measured mean 
velocity profiles, n = 5.5 and ;5 ot xo.23. These 
equations may be introduced into the integral 
form of the mass-conservation equation 

to obtain an expression for 77, xInaX@, 0, 0). 

I 

6.0 I 

5.0 
I I III 

f\ 

05 

2b 

FIG. 8. Variation of the vertical and lateral similarity lengths LI and of and the maximum ground. 
concentration with distance from the point source for an unheated boundary. 

-level 
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Noting that z/S = z/n (~~~), it follows from (11, 
(4) and (5) that 

G Xrnax (X, 0, 0) = 

a b Qf (0.693)z+1/~b _~ 
2T(l/u) [T(l +n/nb)] 

Substituting the approximate proportionality of 
V(X), C(X) and 6(x) with x into the above equa- 
tion one finds that 

CL &I&x, 0, 0) cc +X-J.*. (6) 

A comparison of (3) and (6) shows the consist- 
ency of the experimental results for the neutral 
boundary. 

Further, it should be kept in mind that the 
similarity lengths, O(X) and q(x) cannot in- 
definitely grow at the same rate, i.e. linearly with 
distance; the plume growth must slow down 
when the mass reaches the upper edge of the 
bounda~ layer. Figs. V-27 to V-32 of Davar [7] 

actually show this trend for an elevated point 
source. A similar trend was observed by Poreh 
[8j for a ground-level line source where concen- 
trations were meas~ed up to 25 ft downstream 
from the source. Thus it seems that diffusion 
in wind tunnels is characterized by regimes or 
zones of spread; the zone reported on in this 
experimental study is one in which the mass 
plume is everywhere thinner than the momen~m 
boundary-layer and is equivalent to con~tions 
encountered in the lower atmosphere. 

The concentration dis~bution for the heated- 
boundary experiments can be represented by the 
same distribution function as that for the neutral 
boundary (Figs. 7, 9 and lo), as given by (I), 
where p, n and xmsX are a function not only of 
the distance from the source, as was the case for 
the neutral boundary plume, but also of the 
instability produced by heating. 

Symbol 4 AT 

fftd :OF) 
0 6-5 80 I 
A 6-5 80 2 

t BJ 80 3 
0 6-5 60 4 

* 6-S 80 6b2 

A 6-5 200 I 

r: 65 6.5 200 200 2 3'12 

X 6.3 200 4 

4 6.5 200 6 

e 9 115 I 
0 9 115 2 
P 4 1 I5 3 

* 9 I15 4 

5 9 I is 6 

e 9 115 7L:, 

Fro. 9. Relative ground-level concentration as a function of the lateral distance for a point source 
with a heated boundary. 
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FIG. 10. Relative concentration as a function of the lateral distance for various elevations for a point 
source with a heated boundary. 

Within the range of experimental variables 
studied the variation of xmax, u and 71 with 
distance follow simple power laws; the expon- 
ents of these power laws increase markedly with 
an increase in instability, see Figs. 11-13. It 
appears that the effect of heating the lower 
boundary is to increase the scale of the diffusion 
phenomena without affecting the overall charac- 
teristics of the diffusion plume. 

Synthetic line source 
One can obtain the concentration distribution 

C(x, z) for a synthetic line source of strength 
QL (mg/cm s) parallel to the y axis and passing 
through the origin by integrating continuous 
point sources of strength Qf dy’ at y’ along 
this line. If x(x, y, z) is the mean concentration 
at the point (x, y, z) due to turbulent diffusion 
of mass being emitted from a continuous point 
source of strength Qf (mg/s) located at the co- 
ordinate orgin, then the synthetic line source 
concentration is 

C k 4 = II’,” x (x, Y', 4 W. (7) 

Now if it is assumed that the transverse profile, 
for a point source, at each x and z has a Gaussian 
form, that is, 

x(x,Y’,z)=x(x,O,z)exp --? 
Y 

1 1 2ps ’ (8) 

where p is the standard deviation, about the 
mean, of the assumed Gaussian form, (7) can be 
integrated to obtain a simple expression for 
C(x, z). The choice of the Gaussian form is 
supported by the fact that the exponent “a”, for 
the transverse profiles, in (1) is equal to 2-the 
expected exponent for a Gaussian form. 

Introducing (8) into (7) and evaluating the 
resulting definite integral one finds that 

C(x, z) = 1/(27r) P(X,‘Z) x(x, 0, 2). (9) 

The synthetic concentration distribution 
shown in Fig. 14 obtained through (9), for both 
the heated and neutral boundary case, can be 
represented by the same dimensionless distribu- 
tion curve as obtained for an actual line source 
Porch P31), 

C(& 2) 
G.l*x(x, 0) 

= exp { - O-693 [&)]“‘I, (10) 
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I%. 11. Bffkct of instability on the maximum ground-level concentration. 

where A(X) is the vertica1 similarity length of the neutral data and thus a larger percentage of 
equivalent line source diffusion plume defined as mass was neglected in the inte~ation. 

C(& 4 -.I___ 
C,,,(X, 0) = o*5* 

Fig. 15 shows that the heated-boundary data 
fits equation (IO) nicely, whereas there is 
systematic deviation for the neutral bo~dary 
data. This is because the lateral profiles were not 
mapped completely at the outer edges for the 

The form of the dimensionless distribution 
appears to be independent of I&. The growth of 
the phxme for the neutral case is also independent 
of D, and is described in Fig. 15. The actual line- 
source plume (Poreh [Xl), behaved in a like 
manner. The initial variation of h(x) is approxi- 
mately proportionai to x0*‘*; 

X(X) = const. x0.78. (I0 
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2 3 4 56 7 8 910 

x(ft) 

FIG. 12. Effect of instability on the lateral similarity length o. 

Values of Cm&x, 0) appear to be inversely 
proportional to ii,, as shown in Fig. 15, that is, 

Uci,, Cnlax(x, 0) = const. x-0.85. (12) 

Poreh [8] also observed this inverse proportion- 
ality with Ua. He obtained i?a Cmax(x, 0) oc x-0.9 
and X(x) cc x0+. Thus, the synthetic line-source 
plume behaves in the same manner as an actual 
line-source plume for the neutral-boundary case. 
No actual line-source data were available for 
comparison with the synthetic heated-boundary 
data. 

Comparison of mass and heat difision 
Wieghardt [5] obtained data for heat diffusion 

from a line source of heat located at the bottom 
of an otherwise isothermal turbulent boundary 
layer. These data can be compared with the 
mass diffusion results obtained by Poreh [8] and 
the synthetic line-source results discussed earlier. 
The salient results of Wieghardt are the follow- 
ing: 

(a) X*(x) = 1.22 X&x) = ~~s$~, (13) 

where X*(x) and X,(x) are defined as 

i(x, A*) 
= 0 368 and _fcx’ xH) = 0.5. 

fmax(x,o) . htlax(X, 0) ’ 
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2 4 5 6 769 IO 

FIG. 13. Effect of instability on the vertical similarity length 7. 

p-4 
$7 2) 

fm&, 0) 
LL= exp (-- (?J*)‘“!: (14) 

and 

. (15) 

Ir is seen by comparing (10) and (14) that the 
dimensionless universal distribution function is 
identical for heat and mass diffusion. Equations 
(1 I>, (121, (13) and (15) further show that the 
approximate proportionality of AH(X) and 
&&.x, 0) with x is also identical with their 

counterpart in mass-diffusion. The only differ- 
ence seems to be the slight variation of AH(X) 
with 0;@2 and as a consequence L&x, 0) is 
not quite inversely proportional to 0@. 

The heat diffusion data were for a wide range 
of ambient velocities (16-93 ft/s) as compared 
to the range of 9-16 ft,k for the mass diffusion 
data. Intuitively it would seem that the similarity 
length X(X) would be a function of ii, since at 
the higher velocities the plume would be swept 
downstream very rapidly and consequently 
would be narrower; thus h(x) would be smaller 
and (7, C,,,(x, 0) larger for higher velocities. 
More mass diffusion data for a wider range of 
ambient velocities is needed before it can be 
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FIG. I 

I.2 

I.0 

06 

04 

0.2 

I 
I I I I 

Oo 
I I I I 

0-I 02 0.3 0.4 05 06 0.7 

4. Relative concentration as a function of the vertical distance for a synthetic line 
source for heated and unheated boundaries. 

established that this apparent difference in heat 
and mass diffusion exists. 

Using the approximate similarity of the scalar 
and velocity fields one can integrate the diffusion 
equation 

or its counterpart for heat diffusion to obtain an 
expression for AZ or EH (the diffusivities). 

Poreh [8] obtained the following expression 
after performing such * an integration, after 
dropping the molecular diffusion terms; 

dh 

where h (z/A) is the universal dimensionless 
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I 

FIG. 15. Variation of the vertical similarity length A and the ~x~urn hound-level concf%tration 
with distance from the synthetic line source for an unheated boundary. 

distribution curve and S, (z/A) is a known 
function. Using the mean data [Fig. 16 and 
equations (IO-15)] for heat and mass diffusion 
one obtains q-z/AZ = 14. This ratio appears 
unbelievably high. One would expect that the 
mechanism of heat and mass diffusion are the 
same (and thus CH/A, should be close to 1) 
since the Prandtl and Schmidt numbers are 
equal and the differential equations are identical. 

This difference may be due to the difference in 

velocities or the location of the source relative 
to the beginning of the turbulent boundary 
layer. In any case more analysis with heat 
diffusion data obtained in the same wind tumrel 
and with the sources in the same location is 
needed before this ratio can be accepted as 
conclusive, 

CONCLUDING REMARKS 

The principal results derived from this study 



184 R. C. MALHOTRA and J. E. CERMAK 

Symbol u (fl/s) 

n Heat Dlffwon 16 -93 

2. 

Illlll 1 I I . Synthetic Lme Source 6 -9 

(Malhotro [Gjl 

t.2 
2 3 4 5 6 7 89105 4 5 6 789106 2 3 

FIG. 16. Comparison of the vertical similarity lengths for line-source diffusion of mass and heat for an 
unheated boundary. 

of turbulent diffusion of mass from a point 
source within a neutral and an unstably stratified 
boundary layer are: 

(a) The concentration distribution, for both 
neutral and unstable conditions, can be described 
by the same dimensionless distribution function 
provided diffusion occurs well within the 
momentum boundary layer. 

(b) The lateral and vertical similarity lengths 
of the diffusion plume are approximately 
independent of Da for the neutral case. As the 
degree of instability increases u(x) and T(X) 
increase markedly in magnitude. 

(c) The experimental law for attenuation of 
boundary concentration was obtained as 
xmax{x, 0,O) a x-lq5 for the neutral case. The 
rate of attenuation of axial concentration 
increased with an increase in instability but was 

not a function of distance downstream from the 
source in the range studied. 

(d) By numerically integrating the point- 
source plume, assuming that each transverse 
profile has a Gaussian form, a synthetic line- 
source plume can be calculated. This synthetic 
plume compares very favorably with an actual 
line-source plume, i.e. the concentration distribu- 
tion can be represented by the same distribution 
function and the variation of C&,(x, 0) and 
h(x) with distance from the source are the same. 

(e) Overall heat and mass diffusion character- 
istics are very similar for a line source of heat or 
mass located on the boundary of an isothermal 
boundary layer-flow. The universal dimension- 
less distribution curves for mass and heat are 
the same, and the rate of variation of the similar- 
ity lengths and the maximum concentration 
with distance from the source are the same. The 
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si~la~ty length and the maximum temperature 
varied slightly with 0, for the heat diffusion 
case; this dependence on 0, could not be 3 
detected for the mass-diffusion case. 
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Zusammenfassung-Es wurde turbulente Stoffdiffusion von einer punktfiirmigen Quelle innerhalb 
einer zweidimensionalen Grenzschichtstrbmung an einer glatten Oberflache mit und ohne Ober- 
flkhenheizung untersucht. Die Konzentrationen stromabwiirts einer simulierten Punktquelle am 
Boden einer Windkanalve~uch~tr~ke wurden mit Ammoniak als diffundierendem Gas ausgemessen, 

Die Kon~ntrationsprofile fiir neutrale und instabile ~dingungen erweisen sich als iihnlich, d.h. 
man erh&lt eine universelle Funktion wenn man x (x, y, z)/x ulaX (x, 0,O) die retative Konzentration in 
jedem Abschnitt als Funktion der ~hnlichkeitsl~gen u(n) und v (x) auffasst. Die Ahnlichkeits- 
langen sind als x (x, (I, 0)/x max (x, 0, 0) = 03 und x(x, 0, $/x max (xx, 0,O) = 0,5 definiert; es zeigt 
sich, dass sie im Bereich 1,8-7,5 m/s anntihemd unabhlnairz von der Umaebunaseeschwindinkeit 
sind und mit zunehmender Instabilitlt eine ausgeprlgte Ver&%serung zeigeny 

__ 

Eine Methode zur numerischen Integration der Werte punktfiirmiger Quellen, urn federfiirmige 
Linienquellen zu erhalten, ist angegeben. Die so erhaltenen kiinstlichen federfbrmigen Linienquellen 
werden mit tltsachlichen Werten von Linienquellen und mit Werten linienfijrmiger Wlrmediffusion- 
quellen verglichen. Die Werte der W&me- und Stoffdiffusion sind sehr iihnlich. 

Ein Versuch wurde unternommen, das Verhlltnis der Warmediffusion zur Stoffdiffusion durch 
Integration der zweidimensionalen Diffusionsgleichung zu erhalten mit Hilfe der angeniiherten 
Ahnlichkeit der Konzentrations- und Geschwindigkeitsverteilungen. Fur das Verhaltnis ergab sich 

der ungefahre Wert 1,s. 

A33OT3ryra-~CCneAO~a~aCb Typ6y~e~ITHa~ ~K~#y3~~ BellJeCTBa OT TOqeqHOrO ~I~TOq~~~t~~a 

I3 IIJIOCKOM IIOrpaHWiHOM CJlOe y WIaAKOii nOBepXHOCTH IIpM HarpeBe CTeHKA El 6e3 Hero. B 

KaYecTBe ~K~~yH~~~y~~ero ra3a uxozb30Bazicn aMM2iaK. ttalmepnnocb zt3MeKeKtie era 

KOHqeHTpaK&HH BHIla II0 TeYeHHIO OT T09e'lHOI.O EICTOYHMKB, paCnOJIOH(eHHOr0 B KWKIie# 

CTeHHe pa6oseit =IaCTM a3pOAIiHaMWIeCKO$i Tpy6bl. 

YCTElHOBJleHo IIop(o6He npo$ILlJIefi KOHqeHTpaqIN AJIK HetiTpaJIbKbIX II HeJ!CTOib,HRbIX 

YCJlOBlzti. TaKEiM OBpaaOM, OTHOCItTeJIbHylO KOHQeHTpa~WO X(X,y,Z)/Xmax(X,O,O)B KaWaOM 

Ce'leHIlEi MOHGIO npeflCTaBKTb KaK @yHKunlH) MaCIlIlYdOBIl ono6rin D(X) II 7 (X), T.e. MOHIHO 
nOJIyWTb J'HHBepCWIbHyIO &'HKqMH).hfac~~Ta6bI nO~06~U OIIpefienHIOTCn KaK 

x (X, 0, O)/Xmnx (X, 0, 0) = 0,5 n x (x, 0,11)/Xmax (x, 0,O) = 0,5 

I! B nepBOM npW%iH?KeHEfU He BBBHCRT OT CKO~OCTU Ha6eraxOWerO nOTOKa B HHTepsane &25 

QfjCeK, 3aMeTHO BOapaCTaR C pOCTOM HeyCTO~qKBOCT~. 

PaccMa~~BaeTcu meToR q~c~eKKor0 ~HTerp~poBaH~~ AAR no~yqeK~~ CTpyeK zHHe& 

Hofo ~C~qH~Ka. ~CKyCCTBeHH~e CTpylKH ~MHe~HOrO ~CToqKKKa, no~yqeHH~e TaKnM 
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o6pasom, CpaBHABZ%OTCH C &lKTH'leCKHMW AaHHbIMH &l@3KH TeIlJIiI II BeIlJeCTBa OT JIMHeft- 

HOI'0 KCTOYHHKB. &lHHbE II0 JJli$l$Jy3KM TellJI3 PI BeII&'CTBa BWbMa CXOAHbI. 

CAeJIaHtl IIOISITKEI OIIj%AWIKTb COOTHOlIIeHRe MelKAy KO3++i~HeHTaMM ~ki@@3HH TeIlJIa Ei 

MaCCbI BeII&?CTBa IQ'Ti+M MHTWPMPOBaHHX J'p3BHeHkiR ABYXMePHOti J@&'BEIH C EICIIOJIb30- 

BaHAeM II~K~JIU~~HHO~O IIOAO6IlRpWlpeAeJIeHKH KOHIJeHTPEI~HHK CKOPOCTEI. HatiAeHO,'fTO 

Bf?JfWIKHa 3TOrO COOTHOIIRHK~ COCT3BJIReT IIpKMepHO 1,s. 


